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Objective: The purpose of this study was to evaluate the results and complications of standard ePTFE versus stretch 
ePTFE AV fistulas. 
Design: Prospective randomised trial. 
Setting: University Hospital. 
Materials: During a 2-year period 37 patients received 17 stretch and 20 standard ePTFE graft AV fistulas. 
Chief Outcome Measures: Patients were evaluated for the occurrence of complications and graft patency. Regular Duplex 
scans were performed to detect stenoses in the fistula circuit. 
Main Results: Thrombotic events occurred in 40% of the standard ePTFE grafts, compared to 12% of the stretch ePTFE 
prostheses (p < 0.001). The incidence of puncture complications was similar in both groups. The cumulative primary 
patency rate in the stretch ePTFE group was significantly higher compared to the standard ePTFE group (1-year patency 
rates of 59% and 29%, respectively; p < 0.01). No differences in the duration of puncture site bleeding were:observed. 
Duplex scanning showed a significantly greater number of stenoses in the standard ePTFE grafts. 
Conclusions: The new stretch ePTFE prosthesis has better primary patency rates and less stenoses due to intimaI 
hyperplasia s compared to standard ePTFE grafts. 
Key Words: AV fistulas; Haemodialysis; Stretch ePTFE prosthesis; Randomised control trial. 
Introduction 
In patients with renal failure the autogenous Brescia/ 
Cimino fistula at the wrist is the first option for 
creation of haemodialysis access. Expanded polytetra- 
fluoroethylene ( PTFE) grafts, implanted as an arter- 
iovenous conduit, are widely regarded as an accept-  
able alternative in case of fistula failure, or inability to 
perform a direct arteriovenous (AV) anastomosis in 
patients with inadequate superficial arm veins. 
Despite a secondary patency rate of 80% after 1-year 
follow-up, standard ePTFE AV fistulas have a sig- 
nificant rate of thrombotic occlusion, infection and 
puncture complications) -3 Intimal hyperplasia, result- 
ing in stenosis at the site of the venous anastomosis 
may lead to eventual occlusion in nearly half of the 
patients. 4 Major disadvantages are bleeding from 
puncture holes, tendency to kinking of the graft and 
the stiffness of the material which may cause techni- 
cal difficulties. The repeated large needle punctures 
may finally result in graft disintegration with forma- 
tion of aneurysms. Recently a modification of the 
standard ePTFE graft has been introduced, with 
stretch properties leading to improved handling char- 
acteristics. The longitudinal compliance of the pros- 
thesis may offer a better matching of the mechanical 
properties between the graft and native vessels. The 
conformability, increased resistance to kinking and 
possibly ease of puncture and improved puncture hole 
healing of this graft, might also result in a better 
performance with less complications. 
In a prospective study we compared the compli- 
cations and patency rates of stretch ePTFE prostheses 
versus standard ePTFE grafts implanted for haemo- 
dialysis vascular access. 
Patients and Methods 
Please address all correspondence to: Jan H. M. Tordoir, Department 
of Surger~ Academic Hospital Maastricht, PO Box 5800, 6202 AZ 
Maastricht, The Netherlands. 
Between April 1992 and September 1993, 37 chronic 
haemodialysis patients, who needed secondary access 
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procedures, were randomised for implantation of 
either stretch ePTFE grafts (Stretch Gore-Tex, W. L. 
Gore & Associates Inc., U.S.A.) in 17 patients or 
standard ePTFE grafts (Gore-Tex, W. L. Gore & 
Associates Inc., U.S.A.) in 20 patients. There were 17 
men and 20 women with a mean age of 59 years (range 
15-74 yrs). In 31 patients everal previous AV fistulas 
had failed before a PTFE graft was inserted; six 
patients underwent primarily implantation of a PTFE 
graft because of lack of sufficient superficial veins in 
the forearm. The usual risk factors were observed with 
diabetes in 38%, cardiac disease in 35% and cer- 
Table 1. Patient characteristics with stretch and standard ePTFE 
AV grafts 
Stretch ePTFE Standard ePTFE 
Mean age (years) 59 (31-73) 58 (15-74) 
Men/women 5/12 12/8 
Mean number of 
previous fistulas 1.8 (0-6) 1.2 (0-4) 
Diabetes 43% 36% 
Cardiac disease 28% 43% 
ebrovascular disease in 8% of patients (Table 1). 
All patients had preoperative Duplex scanning 
and/or  phlebography to assess the arteries and 
superficial veins in the upper extremity. Stretch and 
standard thick-walled, 6mm ePTFE grafts were used 
for implantation. None of the prostheses were ring- 
supported. The arterial anastomoses were to the 
brachial artery at the level of the elbow in all patients. 
Venous anastomoses were performed in a end-to-side 
fashion to the cephalic vein (10 patients), basilic vein 
(three patients), cubital vein (12 patients) and deep 
vein (12 patients) all at the elbow region. There were 
no differences in outflow sites for venous anastomosis 
Table 2. Outflow sites for stretch and standard ePTFE graft AV 
fistulas 
Stretch ePTFE Standard ePTFE 
Basilic vein 1 2 
Cephalic vein 4 6 
Cubital vein 7 5 
Deep vein 5 7 
between both types of grafts (Table 2) Arterial and 
venous anastomoses were performed with 7 × 0 run- 
ning polypropylene (Prolene) sutures. Completion 
angiography and perioperative continuous-wave 
Table 3. Complications of stretch and standard ePTFE AV 
fistulas 
Stretch ePTFE Standard ePTFE p value* 
(%) (%) 
Thrombosis 12 40 < 0.001 
Puncture bleeding - 13 NS 
Aneurysm - 5 NS 
Venous hypertension - 5 NS 
Ischaemia 6 5 NS 
Infection 6 10 NS 
* Mann-Whitney U test. 
(CW) Doppler studies with measurement of peak 
velocities and observation of turbulent flow were 
obtained uring each procedure. 
Follow-up ranged from 2 to 17 months with a 
mean of 10 months. Clinical evaluation of the func- 
tioning of the AV fistula was performed in the dialysis 
department. Bloodflow in the tubes to the artificial 
kidney and venous pressures were regularly assessed. 
The time required to stop bleeding from the puncture 
holes after the withdrawal of the needles, was meas- 
ured after each dialysis session. Duplex scans were 
performed at 2 weeks postoperatively and at 3 months 
intervals to assess graft patency and to detect stenoses. 
Significant stenoses (> 50% diameter eduction) were 
diagnosed according to previously outlined Duplex 
criteria. 5
The statistical analysis of the differences in 
complications between the patient groups was per- 
formed by means of the nonparametric Mann-Whit- 
ney U test. Primary and secondary graft patencies 
were calculated according to the life table method and 
the Lee-Desu statistic was used for overall comparison 
of the two types of grafts. 6
Results 
No deaths occurred within 30 days after the operative 
procedure. Two standard ePTFE grafts occluded 
within 24 h of operation; successful thrombectomy 
was accomplished in both. Wound infection occurred 
in one stretch ePTFE graft, leading to graft infection 
and necessitating raft explantation 1 month post- 
operatively. In the stretch group, two graft s occluded 
after 2 and 5 months. A successful thrombecf0my with 
patch plasty at the venous anastomosis was per- 
formed in one patient and in the other patient a new 
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Fig. 1. Cumulative primary patency rates of stretch ePTFE and standard ePTFE AV fistulas. 
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Fig. 2. Cumulative secondary patency rates of stretch ePTFE and standard ePTFE AV fistulas. 
PTFE prosthetic AV fistula was created. One female 
patient developed severe ischaemia of the ipsilateral 
hand, due to excessive volume flow in the AV loop 
fistula. Graft flow was diminished by tapering the 
arterial anastomosis after which her complaints grad- 
ually disappeared (Table 3). The primary and secon- 
dary cumulative graft patencies of stretch ePTFE AV 
fistulas were 59 and 87 percent after 1 year respec- 
tively (Figs 1 and 2). 
In the group of patients with standard ePTFE 
grafts, 12 thrombotic events occurred in 8 grafts. A 
successful thrombectomy was achieved in five grafts 
with additional PTFE interposition with anastomosis 
to the deep vein in the upper arm in four patients. 
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Histological examination of excised stenotic lesions in 
these four patients howed occlusive intimal hyper- 
plasia in all. New AV fistulas were created in three 
patients. Graft explantation was necessary in three 
patients, because of infection (2) after I and 14 months 
postoperatively and ischaemia (1). Operative correc- 
tion of puncture site bleeding and aneurysms was 
performed in four patients. One patient developed 
arm oedema, due to venous hypertension, caused by 
subclavian vein obstruction. This patient was treated 
by a jugular vein transposition (Table 3). The primary 
and secondary patency rates of standard ePTFE grafts 
after 1 year were 29 and 77% respectively (Figs 1 and 
2). Primary patencies were significantly better in the 
stretch ePTFE group compared to the standard ePTFE 
group. No statistical significant differences in secon- 
dary patencies between the groups were found. 
Early dialysis use (less than 2 weeks after opera- 
tion) was permitted in 12 of the stretch ePTFE 
prostheses (71%) and in 8 standard ePTFE grafts (40%; 
p < 0.05). The stretch ePTFE grafts were punctured 
after a mean postoperative period of 13 days (range 
2-30), while the standard ePTFE grafts could be 
punctured and used for dialysis after a mean period of 
22 days (range 4-34). No perigraft hematoma or 
infections occurred as a result of the early puncture. 
The mean time to stop bleeding from the puncture 
sites was 16 min (range 2-45) for the stretch prostheses 
and 24 min (range 5-50) for the standard ePTFE grafts 
(p =NS). 
During the follow-up period seven patients (five 
in the standard ePTFE and two in the stretch group) 
died and three patients (all in the standard ePTFE 
group) received a kidney transplantation. Duplex 
scanning showed an increasing number of significant 
stenoses ( > 50% diameter reduction) from 2 weeks to 1 
year after graft implantation. The mean number of 
stenoses in the stretch group was 0.6 (range 0-2) 
versus a mean of 1.2 stenoses (range 0-3) in the 
standard ePTFE group (p < 0.01). These stenoses were 
located at the arterial anastomoses (15%), along the 
prosthesis (15%), at the venous anastomoses (45%) 
and in the efferent vein (24%). No differences in 
location of the stenoses were noticed between both 
groups (Table 4). 
Discussion 
Adequate vascular access remains the lifeline of end- 
stage renal failure patients, treated by chronic inter- 
mittent haemodialysis. About 20-30% of these patients 
needs secondary access procedures, of which the 
Table 4. Number and location of stenoses in stretch and standard 
ePTFE AV fistulas 
Stretch ePTFE Standard ePTFE 
Total number of stenoses 10 24 
Mean number/fistula 0.6 1.2 
Location: arterial anastomosis 1 5 
graft - 5 
venous anastomosis 6 9 
efferent vein 3 5 
ePTFE AV fistula has been the most successful with 
1-year patency rates of 60 to 80%. 3'4 Standard ePTFE 
prostheses have a significant rate of thrombosis and 
puncture complications, usually necessitating multi- 
ple interventions. These complications are attributable 
to the properties of the material with a high thrombo- 
genicity and a low healing response caused by 
repeated punctures. Special features have been 
ascribed to the new stretch ePTFE graft. Increased 
resistance to kinking and better matching of the 
prosthesis to the bevel of the arteriotomy may lead to 
less early postoperative thrombosis due to technical 
failures. In this randomised study we have not 
demonstrated any advantages of the stretch ePTFE 
prosthesis in the early postoperative period although 
numbers were small. No statistically significant differ- 
ences were observed between the number of immedi- 
ate postoperative complications in both groups. How- 
ever, during follow-up a significant greater number of 
occlusions occurred in the standard ePTFE grafts. 
Surgical exploration of these thrombosed grafts 
revealed arterial and/or venous anastomotic stenoses. 
Histological examination of the stenotic segments 
uniformly showed intimal hyperplasia. 
Primary patency rates were significantly better in 
the stretch group. Thrombosis occurred more often in 
the standard ePTFE grafts and revision of these grafts 
was usually easily performed with prolongation of 
function for a considerable time, leading to similar 
secondary patencies of stretch and standard ePTFE 
grafts. The unique length compliance of the stretch 
ePTFE may lead to a better performance during and 
after puncture with large bore needles. In the present 
study we found no differences in the time needed to 
stop puncture site bleeding between the groups. 
However, since all the surgical interventions for 
bleeding complications and aneurysm formation were 
required in the patients with standard ePTFE grafts, 
this might reflect a better capability to close puncture 
holes in the wall of stretch ePTFE grafts. 
Long term patency of PTFE grafts, implanted in 
the femorodistal position, is inferior to that of biologic 
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materials. 7 This has been attributed to the occurrence 
of intimal hyperplasia t the anastomoses. Platelet 
deposition results in release of platelet derived growth 
factor and subsequent migration of fibroblast and 
smooth muscle cells into the intima. 8 Several factors 
have been implicated in the development of intimal 
hyperplasia, including haemodynamic changes, low 
shear stress and mismatch of mechanical properties 
between the graft and native vessels. 9-n Parsson et 
al. 12 found more thrombus free surfaces (TFS) in 
stretch ePTFE grafts as compared to standard ePTFE 
grafts. The platelet deposition as measured by radio- 
active scanning was significantly lower in the stretch 
grafts, while in the distal region of the standard ePTFE 
graft increased platelet activity was detected. A 
tendency to kinking was noted in the midregion of the 
standard ePTFE prostheses, initiating turbulent flow 
and subsequently areas of low shear stress with a 
greater chance on platelet deposition. Histologic 
examination in occluded standard ePTFE grafts 
showed midgraft intimal hyperplasia, while in none of 
the explanted stretch grafts intimal hyperplasia was 
found. 
We implanted thickwalled PTFE grafts in this 
randomised study. The main reason for the use of 
thickwalled grafts was the fact that the stretch ePTFE 
prosthesis was only available with a wall thickness of 
0.64 mm at the time of the study. For a fair comparison 
between stretch and standard ePTFE grafts we 
decided to use prostheses with similar wall thickness 
in both groups. Another eason for using thickwalled 
grafts might be less bleeding following needle punc- 
ture and less risk of graft disintegration. Ring sup- 
ported PTFE access grafts can be a good alternative in
the creation of prosthetic AV fistulas, with a minimal 
risk of kinking in the region of the loop. We avoided 
kinking in our loop grafts by using two additional 
incisions at the top of the loop. With this operative 
technique the graft can be aligned very smoothly in 
the subcutanuous ti sue. 
In this study Duplex scanning showed a sig- 
nificantly greater number of stenoses in the standard 
ePTFE AV fistulas compared to the stretch ePTFE 
fistulas. The distribution of these stenoses in the AV 
fistulas was similar in both groups. This difference in 
number of stenoses can explain the improved primary 
patencies of the stretch graft. Less kinking and a better 
match in elastic properties around the venous anasto- 
moses may account for this feature. 13 
In conclusion, the longitudinal stretch properties 
of the new PTFE prosthesis, may result in better 
primary patency rates compared to standard ePTFE 
graft AV fistulas. No differences in graft performance 
during and after dialysis puncture were noticed 
between the grafts. Further investigation into the 
mechanical behaviour (kinking; compliance) of the 
stretch ePTFE prosthesis is needed. In addition, 
multicentre prospective studies are required to con- 
firm the better patency rates of the stretch prosthesis 
for haemodialysis access. 
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